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The distribution of elementary particles and resonances in the lower multiplets is in
good agreement with the quark model [1-2]. There are several possibilities for describing the
higher multiplets in this model. For baryons, for example, one possibility is to examine the
excited states of a three-quark system. The character of such excitations can differ greatly
even in the nonrelativistic model. In the lower multiplets the total orbital momentum is a
good quantum number (the entire baryon 56-plet can be satisfactorily described by a single
antisymmetrical coordinate function Yo(zl, I, 53) corresponding to zero total orbital momen-
tum). We can therefore assume that the higher multiplets are also described by wave functions
of the type YL(ZI’ Io, {3)xa’ where ¥y corresponds to the total orbital momentum of the quarks,
equal to L, and the charge-spin functions X, are the same as for the lower muitiplets (octet
and decuplet). The constructed quark states are then characterized by a total orbital momen-
tum L and total spin S; the existing degeneracy in the total angular momentum J is lifted by
the spin-orbit interaction aL(g-g), where Oy, depends only on L. The degeneracy in the total
spin is lifted by the spin-spin interaction BI§(S +1).

We assume further that the mass splitting within each multiplet is determined essential-
ly by the mass increase of the third quark [ezii. This model is close, with respect to the
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meson resonances, to the scheme described in , but the concrete classification of the reso-
the parity of the three-quark state is not determined uniquely by the value of L. We shall
show below that agreement with the experimental date is possible if it is assumed that the
parity is (-l)L. We accept this as an empirical fact.

When L = 1 and S = 1/2, two octets are possible, with J = 3/27 and J = 1/27; these are
excited states of the octet 1/2+ (see the Table). The mass difference of Nisys, Liae0, and
=810 is 150 MeV, i.e., it agrees with the concept of simple mass increase of the third quark.
The noticeable deviation of the A;s1o mass may be due to the fact that in the state with L =1
a greater contribution is made by the potential interactions, which are analogous to those con-
sidered in (5] but do not meke up an octet component. The only known particle that may be in-
cluded in the 1/27 octet is the threshold resonance (An);eec (inclusion of the Ay,0s resonance
in this octet calls for the existence of the rescnances Nyso00, Zisso, and Z3700, the failure of
experimental detection of which is difficult to explain; difficulties arise also in the inves-
tigation of the decuplet). The value of ap with L = 1 can be determined from the mass differ-
ence of Ajggo and Aysyg- This makes it possible to predict the masses of the remaining reso-
nance of the 1/2" octet (the solid underscores in the Table identify resonances whose appear-
ance is masked by other known resonances). In decuplets with L = 1, only the resonances
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A similar classification can be formulated also for mesons. In this case the parity and

G-parity of the quark-antiquark system are determined uniquely: P = (-1 g = (—l)IﬁS+l. A
possible distribution of the known meson resonances over the multiplets is proposed in the
Table. The masses of the missing particles in all multiplets, except O+, are estimated from
the mass increase of the third quark. The masses of O+ resonances were obtained under the as-
sumption that the splitting is due to the aL(g-g) interaction. We present the main types of
decays for the unobserved meson resonances:

Kineo = Kp, K¥w; TMasaco = 7P, K¥K; @reco = KK3 Wy300 = 70N, 7np, Lr;

pe7o =~ 13 Kiroo = "K; Wiocoo T3 Pizco ~ KK

The possible reason for not observing these resonances in experiments is that the resonances
with large L are less likely to be created and, in addition, for a specified L the states with
large J have a greater statistical weight.

Many of the observed meson resonances can be interpreted only as states of a system com-
prising several quarks and antiquarks (for example, resonances with T = 3/2 or with Y = 2). It
is possible that k755 is such a resonance.

In coneclusion we wish to note that, in our opinion, there are facts that fit the frame-
work of the simple model, according toc which the elementary particles consist of nonrelativis-

tic quarks, namely - the connection between the mass differences in various meson and baryon
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multiplets, and the equality of the magnetic moments of the proton and of the w - n+ » tran-
sition [7]. From the point of view of such a model, the particle classification presented
above is perfectly probable, whereas the predicted mass values are, of course, estimates. The
main feature of the scheme described is that it includes almost all presently known resonances.
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[1] M. Gell-Mann, Phys. Lett. 8, 214 (1964).

[2] L. Zweig, CERN Preprint 8419/TH, 412, 196k.

[3] G. Borchi and R. Gatto, Phys. Lett. 14, 352 (1965).

[4] Bogolyubov, Struminskii, and Tavkhelidze, JINR Preprint D-1968.

[51 P. Carruthers and H. Bethe, Phys. Rev. Lett. 7, 536 (1960); B. Moyer, Revs. Mod. Phys.
33, 367 (1961); J. A. Holland et al., Phys. Rev. Lett. 10, 27 (1963).

(6] Azimov, Anisovich, Ansel'm, Danilov, and Dyatlov, JETP Letters 1, No. 2, 50 (1965),
transl. p. 72.

[7T] G. Goldhaber, Preprint, UCRL - 11971, 1965.

ROTATION OF SUPERDENSE CONFIGURATIONS

V. Ts. Gurovich and 0. Xh. Guseinov
Submitted 3 June 1965

Statistical superdense configurations with average density Pav > 1012 g/cm3 have a lim-
iting mass M = 1. 55Mc at a radius R = 8.92 xm [l]. It is of 1nterest to consider the influence
of rotation on the parameters of such stars.

As is well known, in ordinary stars the centrifugal force can balance the gravitational
force, for if the momentum is conserved the centrifugal force increases like l/rs, while the
gravitational force is proportional to 1/r2, At very large rotational velocities (v ~ ¢),
however, the centrifugal force increases already like 1/r, against l/r2 for gravitation. This
example illustrates the extent to which the situation changes at large rotational velocities
(general-relativity effects will be discussed below); it follows therefore that rotation has
little influence on the parameters of neutron stars.

Calculation of a rotating configuration on the basis of Newton's theory is rather cum-
bersome, and in Einstein's theory the difficulties increase by many times. We therefore esti-
mate the configuration parameters for the following simplified model: We assume the star ro-
tation to be such that the deviation from sphericity of the hyperon core, which has 0.93 -
0.97 of the mass of the entire configuration, can be neglected. The angular momentum of the
star M should then be smaller than MRgc (Rg is the gravitational radius of the configuration),
which is of the order of the solar momentum. Under this assumption the shell of the hyperon
star rotates in fact in an external gravitational field produced by a spherically-symmetrical

rotating core.
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